Introduction
Once again, the most recent fiscal year was a productive one for the Carbon Dioxide Information Analysis Center (CDIAC) at Oak Ridge National Laboratory (ORNL), as well as a year for change. The FY 1998 in Review section in this report summarizes quite a few new and updated data and information products, and the "What's Coming in FY 1999" section describes our plans for this new fiscal year.
During FY 1998, CDIAC began a data-management system for AmeriFlux, a long-term study of carbon fluxes between the terrestrial biosphere of the Western Hemisphere and the atmosphere. The specific objectives of AmeriFlux are to establish an infrastructure for guiding, collecting, synthesizing, and disseminating long-term measurements of CO 2 , water, and energy exchange from a variety of ecosystems; collect critical new information to help define the current global CO 2 budget; enable improved predictions of future concentrations of atmospheric CO 2 ; and enhance understanding of carbon fluxes, Net Ecosystem Production (NEP), and carbon sequestration in the terrestrial biosphere. The data-management system, available from CDIAC's AmeriFlux home page (http://cdiac.esd.ornl.gov/programs/ameriflux/ ) is intended to provide consistent, quality-assured, and documented data across all AmeriFlux sites in the United States, Canada, Costa Rica, and Brazil. It is being developed by Antoinette Brenkert and Tom Boden, with assistance from Susan Holladay (who joined CDIAC specifically to support the AmeriFlux data-management effort).
Meanwhile, Tom Boden's work in the NARSTO Quality Systems Science Center will be taken over by Sig Christensen (who has a long history in the ORNL Environmental Sciences Division, analyzing environmental data, but is new to CDIAC) and Linda Allison.
We welcome Susan Holladay and Sig Christensen to CDIAC! During FY 1998, CDIAC also developed a "YOTO Drifters" web site ( http://drifters.doe.gov ) for U.S. Department of Energy's (DOE's) contribution to a multiagency project to deploy ocean drifters as part of the International Year of the Ocean (YOTO). The hope is to engage the education community in study of the oceans by making real-time data on ocean currents and temperatures readily available, along with related educational resource materials. Forrest Hoffman is the webmaster for this site. 
FY 1998 in Review New Numeric Data Packages (NDPs)
During fiscal year (FY) 1998, the Carbon Dioxide Information Analysis Center (CDIAC) at Oak Ridge National Laboratory (ORNL) published six numeric data packages (NDPs) under the auspices of the U.S. Department of Energy (DOE). The data and descriptive files are available via the Internet from CDIAC's Web site (http://cdiac.esd.ornl.gov) and from CDIAC's anonymous file transfer protocol (FTP) area (cdiac.esd.ornl.gov). Printed reports and data on digital media are available from CDIAC on request.
A Coastal Hazards Data Base for the U.S. West Coast (ORNL/CDIAC-81, NDP-043C), by Vivien
Gornitz [National Aeronautics Space Administration (NASA) Goddard Institute for Space Studies (GISS)] and prepared by Tammy Beaty and Richard Daniels (CDIAC). NDP-043C completes the three-part series (NDP-043A covers the U.S. East Coast and NDP-043B the U.S. Gulf Coast). It describes the contents of a digital database that can be used to identify coastlines along the U.S. West Coast that are at risk to sea-level rise. This database integrates point, line, and polygon data for the U.S. West Coast into 0.25-degree grid cells and into 1:2,000,000 digitized line segments that can be used by raster or vector geographic information systems (GIS) as well as by non-GIS databases. Each coastal grid cell and line segment contains data variables from the following seven data sets: elevation, geology, geomorphology, sea-level trends, shoreline displacement (erosion/accretion), tidal ranges, and wave heights. These variables may be used to calculate a Coastal Vulnerability Index (CVI); algorithms used to calculate several CVIs are listed within the text. (http://cdiac.esd.ornl.gov/ndps/ndp043c.html) Carbon-14 Measurements in Surface Water CO 2 from the Atlantic, Indian and Pacific Oceans, 1965-1994 (ORNL/CDIAC-104, NDP-057A), by Reidar Nydal (Norwegian University of Science and Technology, Trondheim) and prepared by Antoinette Brenkert and Tom Boden (CDIAC). These data support the study of the dynamics of the global carbon cycle through quantification of the isotopic exchange between the atmosphere and oceans. NDP-057A accompanies the previously published NDP-057 which included atmospheric isotope data. (http://cdiac.esd.ornl.gov/epubs/ndp/ndp057a/ndp057a.htm) Carbon Dioxide Emission Estimates from Fossil-Fuel Burning, Hydraulic Cement Production, and Gas Flaring for 1995 on a One Degree Grid Cell Basis (NDP-058A), produced by Antoinette Brenkert (CDIAC), complements NDP-058, which includes estimates for 1950, 1960, 1970, 1980, and 1990 . The 1995 national emission estimates (taken from NDP-030, http://cdiac.esd.ornl.gov/ndps/ ndp030.html) were distributed within each country according to the Li population database (DB1016, http://cdiac.esd.ornl.gov/ndps/db1016.html).
(http://cdiac.esd.ornl.gov/ndps/ndp058a.html). Production, and Gas Flaring: 1751-1996 (NDP-030), by Gregg Marland (CDIAC), Bob Andres (University of Alaska-Fairbanks), Tom Boden (CDIAC), Cathy Johnston (The University of Tennessee-Knoxville), and Antoinette Brenkert (CDIAC) and prepared by Gregg Marland and Tom Boden (CDIAC). These data quantify CO 2 emissions from fossil fuel burning, cement production, and gas flaring through 1996, some as far back as 1751. These estimates, derived primarily from energy statistics published by the United Nations (UN), were calculated using the methods of Marland and Rotty (1984) . Cement production estimates from the U.S. Department of the Interior's Bureau of Mines were used to estimate CO 2 emitted during cement production. Emissions from gas flaring were derived primarily from UN data but were supplemented with data from the U.S. Department of Energy's Energy Information Administration, Rotty (1974) Kaiser (CDIAC) . The database now includes data through 1990 for 24 meteorological variables including temperature, past and present weather type, precipitation amount, cloud amount and type, sea level pressure, relative humidity, and wind direction and speed. The database represents a wealth of meteorological information for a large and climatologically important portion of the Earth's land area and should prove extremely useful for a wide variety of regional climate change studies.
Effects of CO 2 and Nitrogen Fertilization on Growth and Nutrient

Content of Juvenile Ponderosa Pine
(http://cdiac.esd.ornl.gov/epubs/ndp/ndp048/ndp048.html)
The ALE/GAGE/AGAGE Monitoring Network (DB1001), which provides continuous highfrequency measurements of eight important trace gases: methane (CH 4 ); nitrous oxide (N 2 O); the chlorofluorocarbons CFCl 3 , CF 2 Cl 2 , and CF 2 ClCFCl 2 ; methyl chloroform (CH 3 CCl 3 ); chloroform (CHCl 3 ); and carbon tetrachloride (CCl 4 ). This database has been one of CDIAC's "Top Ten" mostrequested products, and it supports analyses and monitoring related to both the Kyoto Protocol (to control global warming caused by elevated atmospheric concentrations of greenhouse gases) and the Montreal Protocol (to protect the Earth's ozone layer). The data were contributed by R. Prinn, D. Cunnold, P. Fraser, R. Weiss, P. Simmonds, F. Alyea, L. P. Steele, and D. Hartley; they were prepared for online distribution by CDIAC's Tom Boden. The program began in 1978, and this update provided data through September 1997 for all five existing sites: Cape Grim, Tasmania; Point Matatula, American Samoa; Ragged Point, Barbados; Mace Head, Ireland; and Trinidad Head, California (stations also previously existed at Cape Meares, Oregon, and Adrigole, Ireland). (http//cdiac.esd.ornl.gov/ndps/alegage.html)
In situ Carbon 13 and Oxygen 18 Ratios of Atmospheric CO 2 from Cape Grim, Tasmania, Australia: 1982-1993 (DB1014), contributed by Roger Francey and Colin Allison (Commonwealth Scientific and Industrial Research Organisation, Australia) and prepared for online distribution by CDIAC's Tom Boden. Since 1982, a continuous program of sampling atmospheric CO 2 to determine stable isotope ratios has been maintained at the Australian Baseline Air Pollution Station, Cape Grim, Tasmania (40 40' 56" S, 144 41' 18" E) . The samples, a preponderance of which are collected in conditions of strong wind from the marine boundary layer of the Southern Ocean, and the determination of all isotope ratios relative to a common high-purity CO 2 reference gas with isotopic carbon close to atmospheric values provide a unique combination of factors with respect to obtaining a globally representative signal from a surface site. The carbon-isotope data help partition the uptake of fossil fuel emissions between ocean and terrestrial reservoirs, whereas the oxygen-isotope data predominantly reflect the terrestrial hydrological cycle. (http//cdiac.esd.ornl.gov/ndps/db1014.html) Wallace (Brookhaven National Laboratory) and prepared by Linda Allison (CDIAC). The program documented in this report calculates any two of the four carbonate system parameters in seawater, given measurements of the other two; the user may select from four different pH scales and several sets of dissociation constants. As increasingly accurate ocean carbon measurements are taken, in the attempt to quantify the role of the oceans in regulating atmospheric concentrations of the greenhouse gas carbon dioxide, these calculation issues grow in importance. Morgan (Antarctic CRC and Australian Antarctic Division, Hobart, Tasmania, Australia) and prepared by Mónica Martínez (summer student from the University of Puerto Rico, Rio Piedras) and Tom Boden (CDIAC). These data provide atmospheric CO 2 mixing ratios from 1006 to 1978 A.D. Because of the high rate of snow accumulation at Law Dome, the air enclosed in the three ice cores has unparalleled age resolution and extends into recent decades. Preindustrial CO 2 mixing ratios were in the range 275 to 284 ppm, with the lower levels during 1550-1800 A.D., probably as a result of a colder global climate. The Law Dome ice core CO 2 records show major growth in atmospheric CO 2 levels over the industrial period, except during 1935-1945 A.D. when levels stabilized or decreased slightly. Such data have a number of important applications, such as studying the relationship between greenhouse gases and climate change and calibrating models of the global carbon cycle.
Publications
Catalog of Databases and Reports (ORNL/CDIAC-34), compiled by Marvel Burtis (CDIAC
(http://cdiac.esd.ornl.gov/trends/co2/lawdome.html).
Annual Estimates of Global Anthropogenic Methane: 1860-1994, contributed by David Stern (Centre for Resource and Environmental Studies, Australian National University, Canberra) and Robert Kaufmann (Center for Energy and Environmental Studies, Boston University) and prepared for online publication by Bob Cushman (CDIAC). Methane is thought to rank second only to carbon dioxide in terms of importance as a greenhouse gas, and a knowledge of anthropogenic emissions is important for studies of the biogeochemical cycling of methane and for consideration of strategies for reducing emissions.
(http://cdiac.esd.ornl.gov/trends/meth/ch4.htm)
The fossil-fuel CO 2 emissions section of Trends Online, which included global, regional, and national CO 2 emission estimates for 1751 -1995 , was redesigned and made available online during FY 1997. 
Updates to Trends Online
Statistics FY 1998
CDIAC's Web site experienced over 92,900 visits from 68,600 unique hosts (an average of 255 visits per day).
Over 476,000 web pages were viewed by users to CDIAC's web site (average number of pages viewed per visit was five, and the number of pages viewed per day was 1,307).
More than 90% of the visits to CDIAC's web site were from nongovernment domains. The Education and International sectors accounted for as much as 50% of the audience.
The top keywords that people used to locate CDIAC via online search engines (e.g., Yahoo, Alta Vista, etc.) were "carbon dioxide," "cdiac," "carbon dioxide emissions," and "average temperature."
CDIAC's anonymous file transfer protocol (FTP) area was accessed by over 2,940 unique systems retrieving over 4,300 datasets. 
FY 1998 World Wide Web Visits by User Type
Whats Coming in FY 1999
CDIAC is working on the following new or updated NDPs and hopes to have them available (both in printed format and online) in FY 1998. Several have already been completed and are available as noted.
New NDPs
NDP-026C
Extended Measurements of the fugacity of carbon dioxide (fCO 2 ) in surface seawater are an important part of studies of the global carbon cycle and its anthropogenic perturbation. An important step toward the thorough interpretation of the vast amount of available fCO 2 data is the establishment of a database system that would make such measurements more widely available for use in understanding the basin-and global-scale distribution of fCO 2 and its influence on the oceanic uptake of anthropogenic CO 2 . Such an effort, however, is based on knowledge of the comparability of data sets from different laboratories. 
NDP-070
Measurements of Atmospheric Methane and 13 C/ 12 C of Atmospheric Methane from Flask Air Samples, by Paul Quay and Johnny Stutsman (School of Oceanography, University of Washington) and prepared by Linda Allison (CDIAC). This database will offer precise measurements of atmospheric methane and 13 C/ 12 C in atmospheric methane from flask air samples collected at eight sites worldwide and aboard NOAA cruises in the Pacific Ocean. The eight sites include Olympic Peninsula, Washington; Cape Grim, Tasmania; Fraserdale, Ontario; Marshall Islands; Baring Head, New Zealand; Mauna Loa, Hawaii; Point Barrow, Alaska; and American Samoa. The measurements span the period 1988 to mid-1996. These data are useful for global methane budget analyses and for determining the atmospheric isotopic composition of methane. All isotopic measurements have been corrected for standard drift.
NDP-0XX
The Carbonate System in the Atlantic Ocean along 24 North, by Frank Millero (University of Miami). These carbon-related data were obtained during the Spanish R/V Hesperides cruise along WOCE Section A5 in the Atlantic Ocean along approximately 24 N.
New Database
CDIAC has published the following database in the DB series online during FY 1998. 
DB1020
Measurement of Air
Updated NDPs and DBs
NDP-030
Global, Regional, and National CO 2 Emission Estimates from Fossil Fuel Burning, Cement Production, and Gas Flaring: 1751-1996, (NDP-030), by Gregg Marland (CDIAC), Robert J. Andres (University of Alaska, Fairbanks), Tom Boden (CDIAC), Cathy Johnston (The University of Tennessee, Knoxville), and Antoinette Brenkert (CDIAC). These data extend the period of record through 1996. Since 1992, global total emissions have climbed from 6095 million metric tons of carbon to 6518 million metric tons, the highest global total yet recorded. (The United States continues to be the single greatest carbon-emitting nation, responsible for 22% of the global total.) Updated CO 2 emission estimates extending from 1751 through 1996 are now available. U Global, regional, and national fossil fuel CO 2 emission estimates for 1751 -1996 Climate. During FY 1999 we will add to the Trends Online Temperature section and mark up selected Trends data for the precipitation section. In addition we will establish a new section detailing regional trends in cloud amount. We will offer the following records:
U Vostok ice core temperature record (Jouzel et al.) U Global and hemispheric satellite temperature records (Spencer and Christy) U Global, hemispheric, and zonal radiosonde temperature records (Angell) U National and regional temperature and precipitation records for the contiguous United States (Karl et al.) U National and regional temperature and precipitation records for Canada (Hogg et al.) A China cloud amount trends (Kaiser) A Former Soviet Union cloud amount trends (Kaiser) 
CDIAC Collaborations
CDIAC realizes that it would not be possible to produce global-change data and information products without the generosity and cooperation of researchers at institutions throughout the United States and around the world. In this annual report, we have noted the collaborating individuals and institutions for each product. Below are listed the many institutions that have collaborated with CDIAC in the publication of the databases and other information products described in this report.
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